The purpose of this study was to investigate the association between day-by-day variability in home blood pressure (HBP) on 14 consecutive days and macroalbuminuria in patients with type 2 diabetes. We compared the coefficient of variation (CV) of HBP in 858 Japanese patients with and without macroalbuminuria. Next, we analyzed the relationship between the logarithm of urinary albumin excretion (UAE) and the CV of HBP using linear regression analysis. Then, we evaluated the association between the CV of HBP and macroalbuminuria, defined as UAE X300 mg g À1 creatinine, using logistic regression analysis. The CVs of morning and evening systolic blood pressure (SBP) were significantly greater in patients with macroalbuminuria than in those without (8.08±3.35 vs. 7.19±2.25%, Po0.05 and 9.01±3.58 vs. 7.98±2.57%, Po0.05, respectively). Multivariate linear regression analyses indicated that the CVs of morning SBP (Po0.05) and diastolic blood pressure (DBP; Po0.05), and those of evening SBP (Po0.05) were the independent explanatory variables for the logarithm of UAE. Multivariate logistic regression analyses also demonstrated that the odds ratio for the CVs of morning SBP, morning DBP and evening SBP for macroalbuminuria were 1.35 (Po0.05), 1.29 (Po0.05) and 1.44 (Po0.05), respectively. We conclude that the CV of HBP is correlated with macroalbuminuria, independent of the known risk factors, in Japanese patients with type 2 diabetes.
INTRODUCTION
The purpose of long-term care for diabetic patients is to prevent the development of diabetic complications. It is important to control blood pressure (BP) as well as blood glucose to prevent microvascular and macrovascular complications. Home BP (HBP) measurement in the morning has been found to have a strong relationship with target organ damage in several population-based studies and prospective clinical studies. 1, 2 The Ohasama study was a well-known large-scale longitudinal observational study of ambulatory BP monitoring and HBP measurement in a Japanese population. 1 This study demonstrated that masked hypertension, defined as normal clinic BP and elevated HBP, was closely related to chronic kidney disease, and HBP measurement could be a useful screening strategy to detect chronic kidney disease in the general population. Therefore, the utility of HBP measurement has been widely accepted and self-measurement of HBP is widely used in clinical practice for patients at high risk for chronic kidney disease and patients with cardiovascular disease. Recent studies have explored the association between variability in BP and cardiovascular events, and they demonstrated that variability in BP predicted the risk of stroke and left ventricular hypertrophy. [3] [4] [5] To our knowledge, no reports have explained the relationship between variability in HBP and target organ damage in diabetic patients. Therefore, we investigated the relationship between variability in HBP and diabetic nephropathy in Japanese patients with type 2 diabetes.
METHODS Patients
HBP measurements were performed in patients with type 2 diabetes who regularly attended the diabetes outpatient clinic at Hospital of Kyoto Prefectual University of Medicine and four other general hospitals. We sequentially recruited adult patients, ages 23-89, who visited the facilities between March-October 2008 and March-October 2009. We excluded the winter season in order to avoid variations in BP caused by cold temperatures. We did not institute a BP level criterion for study inclusion. According to the criteria in the Japanese Society of Hypertension Guidelines 2009, 6 hypertension was defined as a HBP that is X135/85 mm Hg in untreated patients or any level if the patient was currently being treated for hypertension.
A total of 954 type 2 diabetic patients agreed to participate in this study. First, 31 patients who did not adequately measure HBP were excluded. We also excluded 55 patients for whom urinary albumin excretion (UAE) was not measured. Second, 10 patients who had advanced renal dysfunction (serum creatinine X2.0 mg dl À1 ) were excluded from the analyses. Finally, 858 patients comprised the study population (464 male, 394 female). The diagnosis of type 2 diabetes mellitus was based on the American Diabetes Association criteria. 7 All patients gave their informed consent to participate in this study.
Study design
We designed a cross-sectional multicenter study in general hospitals that were located in the Kansai area in Japan. The centers included Hospital of Kyoto Prefectual University of Medicine and the other four general hospitals. These five hospitals had specialized diabetes outpatient clinics, 4500 beds for hospitalization and examined about 2000 outpatients per day. First, we investigated the relationship between the logarithm of UAE and the coefficient of variation (CV) of BP, which we used as an index of variability in HBP, using a linear regression analysis. Second, we evaluated independent determinants of the logarithm of UAE by multivariate linear regression analysis after adjustment for the following variables and confounding factors, which were known risk factors for nephropathy: sex, age, body mass index, low-density lipoprotein cholesterol, hemoglobin A 1C , BP level, use of antihypertensive medication and duration of diabetes. Furthermore, we evaluated the association between CV of BP with macroalbuminuria, which was defined as UAE X300 mg g À1 Cr, by logistic regression models. All procedures were carried out in accordance with institutional and international ethical guidelines for human studies.
Data collection
Blood samples for biochemical measurements were taken at the hospital. Hemoglobin A 1C , serum lipid profile (low-density lipoprotein cholesterol, triglycerides and high-density lipoprotein cholesterol) and other biochemical data were determined by standard laboratory measurements. UAE was measured with an immunoturbidimetric assay. A mean value for UAE was determined from triplicate urine collections. Information including age, duration of diabetes, microvascular complications, macrovascular complications, smoking, alcohol consumption, hypoglycemic medication and antihypertensive medication were obtained at the time of the BP measurement. Alcohol consumption (every day, social or never) and smoking status (current, past, or never) were assessed by interview.
HBP measurements were performed using an automatic device, HEM-70801C (Omron Healthcare Co. Ltd, Kyoto, Japan), which uses the cuff oscillometric method to generate a digital display of heart rate and systolic/ diastolic blood pressure (SBP/DBP) values. HEM-70801C uses the identical components and BP determining algorithm to those of another device, HEM-705IT, which was previously validated and satisfied the criteria of the British Hypertension Society protocol. 8 
Coefficient of variation
Patients were instructed to perform triplicate morning and evening BP measurements for 14 consecutive days. Measurements of morning BP were made within 1 h of waking, before breakfast or taking any drugs, with the patient seated and rested for at least 5 min. 9 Measurements of evening BP were obtained in a homologous way just before going to bed. The cuff was placed directly around their non-dominant arm and the position of cuff was maintained at the level of the heart. We calculated the standard deviation (s.d.) of HBP for all 14 days, for the first half (measured during days 1-7) and for the latter half (measured during days [8] [9] [10] [11] [12] [13] [14] in the morning and in the evening. As an indicator for variability in BP, we defined the CV of HBP as s.d. divided by average HBP. Then, we calculated the CV of HBP for all 14 days, the first half and the latter half in the morning and in the evening.
Sample size
We could not set the sample size before the study because previous reports were not available regarding the relationship between CV of HBP and macroalbuminuria.
Statistical analysis
Values were expressed as mean ± s.d. for continuous variables and as a number for categorical variables. UAE showed a skewed distribution, so logarithmic transformation was carried out before performing statistical analyses. Univariate and multivariate linear regression analyses were used to compare the relationship between the logarithm of UAE and risk factors. Univariate and multivariate logistic analyses were used to determine the contribution of the variables to macroalbuminuria. To adjust for the effects of various factors on the logarithm of UAE or the existence of macroalbuminuria, the following factors, which were known risk factors for nephropathy, were considered as covariates: sex, age, body mass index, low-density lipoprotein cholesterol, hemoglobin A 1C , BP level, use of antihypertensive medication and duration of diabetes. 10, 11 Odds ratios and 95% confidence intervals were calculated. Values of Po0.05 were considered to be statistically significant. All statistical analyses were performed using SPSS version 11.0J (SPSS Inc. Chicago, IL, USA). Table 1 . Of the 858 patients, 73 (8.5%, 41 male, 32 female) had macroalbuminuria, and 649 (75.6%) had a diagnosis of hypertension. The mean age and use of antihypertensive medications were significantly higher in patients with macroalbuminuria. Morning and evening SBP were significantly higher in patients with macroalbuminuria. The CV of morning and evening SBP in patients with macroalbuminuria were also significantly greater than those without macroalbuminuria.
RESULTS

Clinical characteristics of patients are shown in
From the results of univariate linear regression analyses (Table 2) , the logarithm of UAE showed a significant positive relationship with: CV of morning SBP and DBP for all 14 days, for the first half and for the latter half; with CV of evening SBP for all 14 days, for the first half and for the latter half; and with CV of evening DBP for all 14 days. Multivariate linear regression analyses indicated that the independent explanatory variable concerning CV of HBP for the logarithm of UAE were as follows; CV of morning and evening SBP for all 14 days and for the latter half, and that of morning DBP for all 14 days, for the first half and for the latter half (Table 2) .
Univariate logistic regression analyses demonstrated that CV of morning SBP and DBP for all 14 days and for the latter half and CV of evening SBP for all 14 days and for the latter half were positively associated with macroalbuminuria (Table 3) . Multivariate logistic regression analyses also revealed that CV of morning SBP and DBP for all 14 days and for the latter half and CV of evening SBP for all 14 days and for the latter half had independent positive associations with macroalbuminuria.
DISCUSSION
Principal findings
Herein, we describe a large scale cross-sectional study in Japanese type 2 diabetic patients, which showed that CV of HBP was significantly associated with macroalbuminuria independent of the following known risk factors: sex, age, body mass index, low-density lipoprotein cholesterol, hemoglobin A 1C , BP level, use of antihypertensive medication and duration of diabetes. As far as we know, this is the first study to indicate a positive association between CV of HBP with macroalbuminuria, independent of the known risk factors.
Interpretations
Our data show that variability in HBP is associated with macroalbuminuria. This novel finding highlights the importance of HBP measurement. In the future, we would like to investigate the optimal range of CV of HBP, how to use this knowledge, how to reduce variability and whether such a reduction will improve prognosis.
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Johansson et al. 12 tried to assess the optimal scheme for HBP measurement in relation to target organ damage and ambulatory BP. The correlations between HBP measurements for 7 days with target organ damage and ambulatory BP increased with the cumulative number of measurement days, although no major increases occurred after day 4. Therefore, they recommended that HBP should be measured on at least 4 days. This is why we compared the association of macroalbuminuria with CV of HBP for all 14 days, for the first half and for the latter half.
In previous studies, the s.d. or CV of BP was used as an index of variability in HBP. 3, 13, 14 The Ohasama study reported that the s.d. of BP was significantly and positively correlated with the ambulatory BP, but the CV of SBP was independent of SBP. 14 Mancia et al. 15 also reported that s.d., but not CV, of BP was greater in hypertensive subjects than in age-matched normotensive subjects. From these results, we thought that the CV of BP was less strongly correlated with BP than s.d. of BP, so we used the CV of HBP as an index of variability in HBP.
Self-measurement of BP and ambulatory BP monitoring are widely used for assessing the actual state of BP. These two methods of BP measurement provide different information. Self-measurement of BP can provide long-term information on variability in BP and average BP measured under relatively stable conditions. In contrast, ambulatory BP can provide 1-day information on variability in BP and average BP during daytime, nighttime and 24 h measured under daily activity. We assessed variability in BP not by ambulatory BP monitoring but by self-measurement of BP. Self-measurement of BP is more convenient and is more widely used in clinical practice than ambulatory BP monitoring. Moreover, it is able to assess variability in BP over longer periods under relatively controlled conditions.
Previous studies showed that differences in mean HBP and morning and evening HBP are determinants of UAE. 16 In our study, we also examined relationships between morning SBP, evening SBP or the difference between morning and evening SBP, and UAE or the existence of macroalbuminuria. The multivariate linear regression analyses showed that morning and evening SBP were significantly and positively related with the logarithm of UAE (Po0.001). Multivariate logistic regression analyses also revealed that morning and evening SBP had independent positive associations with macroalbuminuria (Po0.001). Furthermore, the CV of BP was independently positively associated with the logarithm of UAE and macroalbuminuria, even after adjustment for BP level. Linear regression analyses were used to evaluate a relationship between logarithm of urinary albumin excretion and the CV of home blood pressure.
The causal relationship between variability in HBP and macroalbuminuria could not be determined clearly because this study had a cross-sectional design. However, animal studies suggest several possibilities. First, it has been reported that in sinoaortic-denervated rats (an experimental model of high variability in BP without hypertension), variability in BP is a more critical determinant than BP level for cardiac damage, renal lesions and aortic hypertrophy. 17 Second, Eto et al. 18 demonstrated that sinoaortic denervation reduced endothelium-dependent vasorelaxation and enhanced neointimal formation after balloon injury. These results suggest that increased BP fluctuations, independent of average BP level, may contribute to atherogenesis. Miao et al. 19 proposed the hypothesis that hemodynamic effects and activation of the renin-angiotensin system contribute to organ damage induced by increased variability in BP in sinoaortic-denervated rats. Higher variability in BP may cause greater variation in tissue perfusion. Cellular metabolism may be disturbed by these variations. Furthermore, large variations in BP may cause a direct lesion in arterial endothelial cells. It is well known that angiotensin II can cause vasoconstriction, cell growth and proliferation, cardiovascular hypertrophy, angiogenesis and augmentation of sympathetic activity. Most of these actions of angiotensin II may contribute to organ damage. One study found that plasma renin activity was increased in the acute phase of sinoaortic denervation. 20 Furthermore, previous human studies have also shown increases in ambulatory BP variability to be related to atherosclerosis, urinary protein excretion and cardiovascular disease in Japanese patients with type 2 diabetes. [21] [22] [23] It was postulated that the presence of advanced atherosclerosis and impaired baroreflex sensitivity, which was associated with diabetic neuropathy, could lead to increased variability in BP in diabetic patients.
CONCLUSIONS
This study revealed that CV of HBP correlated with macroalbuminuria, independent of the known risk factors, in Japanese patients with type 2 diabetes. Large prospective studies are needed to confirm CV of HBP as a risk factor for macroalbuminuria in patients with type 2 diabetes. Logistic analyses were used to determine the contribution of the CV of home blood pressure to the existence of macroalbuminuria.
